Mountain areas of Europe have been managed by humans for a long time, leading to a prevalence of semi-natural habitats in mountain landscapes today. These landscapes contain both natural and cultural heritage; however, natural and cultural heritage are rarely considered together when valuing landscapes and developing management plans in protected areas. Here we present a case study of seven protected areas in the mountains of Great Britain and Norway. We take a long-term perspective on landscape and land-use change and propose an integrated model of landscape valuation on the basis of combined natural and cultural heritage. Our model plots indicators of natural and cultural heritage along a gradient of land-use intensity, allowing simultaneous assessment and highlighting how valuation depends on what type of heritage is considered. We show that while contemporary land-use changes follow similar trajectories in Norway and Britain, different land-use histories mean that the loss of heritage differs between the regions. The model presented here thus allows for the consolidation of valuation based on both cultural and natural heritage in landscapes.
Introduction
Landscapes exist along a gradient of utilisation intensity from natural through semi-natural to highly agriculturally improved and otherwise anthropogenically utilised land. Past land use has played a large role in determining today's landscape state in many regions of the world (Birks et al. 1988; Iverson 1988; Brown et al. 2000) , greatly affecting biodiversity across many groups of taxa (Dupouey et al. 2002; Poschlod et al. 2005; Kleijn et al. 2009 ) and ecosystem services on a global scale (Foley et al. 2005) . Further land-use changes are inevitable in the future (Vitousek 1994; Millennium Ecosystem Assessment 2005) , and their importance is often understated. Predictions of how landuse changes will affect, for example, biodiversity are being produced (White et al. 1997; Jetz et al. 2007 ). However, impacts on natural heritage are not the sole concern when considering changes in landscapes; landscapes also contain cultural heritage, and the concepts of natural and cultural heritage are often blurred (e.g. Svensson 1998; Webb 1998; Fischer et al. 2008; Emanuelsson 2009 ). Natural and cultural heritage are consequently closely linked within landscapes and could be conceptualised as inseparable (Lockwood et al. 2006 ).Yet, these are typically managed separately (Lockwood et al. 2006) , often based upon separate legislations. Moreover, the relative weighting of cultural and natural heritage in the assessment *Corresponding author. Email: james.speed@vm.ntnu.no of landscape value is often unconsidered, and the valuation of landscapes tends to take a short-term perspective (Willis and Birks 2006) .There is thus a need for a better developed framework for a common evaluation of both cultural and natural heritage in landscapes to facilitate sound management decisions.
Mountain landscapes are often perceived as being wilderness areas, and 90% of the Norwegian land designated as IUCN category II protected areas is mountainous. However, human utilisation of natural resources in the mountain regions of Europe has historically been high, particularly hunting and gathering, local-scale industrial production (e.g. tar, iron) and transhumance agriculture (Thompson et al. 2005) . Land use, along with natural and environmental drivers of change such as climate change, is a determinant of landscape state, and hence the natural and cultural heritage within landscapes (Körner 2003; Emanuelsson 2009 ). The history of changing land use and the dynamic nature of landscapes highlights the importance of a long-term perspective to determine a basis for conservation and management of these mountain landscapes (Willis and Birks 2006) .
The challenge of setting a conservation objective and hence the corresponding management activity is particularly relevant in protected areas, where management may be directed towards conserving a particular landscape state, certain land uses, biodiversity or selected cultural heritage. First, stakeholders may have conflicting views on conservation goals and land use, for example, the use of livestock grazing to maintain plant diversity in mountains (e.g. Austrheim and Eriksson 2001) . Second, even if there is a consensus view on conservation, management actions might not be serving their goal if managers' perspectives on natural drivers and human influence are based on a short-term view that fails to take long-term patterns and processes into account (Willis and Birks 2006) . Thus, a common framework, based on a long-term perspective, may be of value.
Biodiversity is generally seen to peak at low to moderate intensities of land use (as predicted by the intermediate disturbance hypothesis whereby species richness decreases at both high and low levels of disturbance (Grime 1973; Connell 1978) ). However, in terms of conservation, not all species are of equal prominence; some are rarer than others and this is reflected by classifications such as the IUCN red list (Baillie et al. 2004; Rodrigues et al. 2006) . Equally, there is species turnover along the land-use gradient, with some species or groups benefiting from higher land-use intensities (Van Wieren and Bakker 1998), while many rare species are predominantly found in habitats with a long-term history of low-intensity utilisation, such as seminatural hay meadows, traditionally managed heathlands or mountainous pastures. Such species may be lost following abandonment (Pykälä et al. 2005; Kålås et al. 2010) . Thus, to maximise biodiversity across the landscape, a range of land uses may be required (Olsson et al. 2000) . Human utilisation of landscapes has tended to increase over time in both extent and land-use intensity, increasing the cultural heritage values within landscapes. However, recent mechanised intensification and standardisation of agriculture has led to a loss of valued older cultural heritage (Vos and Meekes 1999) . The cessation or abandonment of low-intensity land use may lead to the loss of associated landscape elements, which may include artefacts, monuments, habitats and species dependent on historical land uses (Vos and Meekes 1999; MacDonald et al. 2000) . The value placed on these elements may vary between stakeholders and managers.
Cultural and natural heritage may be evaluated in various ways: for example, through objective valuation of natural heritage (the potential exists, e.g. through the use of diversity indices) and more subjective valuation of cultural heritage in landscapes. This may relate to the loss of cultural heritage if greater emphasis is put upon the objective valuation (Solymosi 2011) . Natural heritage is often regarded somewhat independently of time (with a focus on diversity instead), while the evaluation of cultural heritage sites and monuments may be strongly based upon their age (Lowenthal 2005) , for example, the automatic protection of cultural elements in Norway pre-dating the reformation in AD 1537. It has been recognised that landscape change impacts both cultural and natural heritage, but uniting the differing values has been challenging; Dramstad et al. (2001) have suggested integration of valuation through common patterns and processes such as heterogeneity. However, as ecological and cultural aspects of landscapes are functions of both past and present land use (Fairclough et al. 2002) , we use a long-term perspective to take account of both natural and cultural heritage to value landscapes. To these ends, we consider seven protected areas in the mountains of Britain and Norway as case studies, supplementing the existing literature, to propose a model to facilitate the simultaneous valuation of natural and cultural heritage in landscapes.
Methods

Case-study sites
Protected areas within mountain regions were selected along a latitudinal gradient in Great Britain and Norway from 53
• N to 69
• N (Figure 1 ). The two countries were selected because of their proximity and similarities in land-use trends and climate (Edwards 2005) . Protected upland sites have a large range of land-use intensity within the two countries. Three sites were selected in Great Britain: Snowdonia, Wales; the Lake District, England, and the Cairngorms, Scotland -all three are National Parks (NP) of IUCN category V (protected areas). In Norway, four sites were selected: (1) Sunndalen and Erdalen, (2) Grimsdalen, (3) Budalen and (4) Dividalen. Budalen and Grimsdalen are landscape conservation areas (LCA), while Sunndalen and Erdalen are two valleys within the Jostedalsbreen NP, and Dividalen is split between a NP and LCA. The Norwegian LCAs are IUCN category V, while the NPs are category II. Summary information for each site is presented in Table 1 . All of the protected areas, both NPs and LCAs, were established to protect the natural and cultural heritage within the landscapes, and all are inhabited landscapes with resident human populations.
Around 30% of the land area of Norway lies above or north of the climatic tree-line, but land use such as summer farming and grazing by livestock and semi-domestic reindeer has caused an increase in open mountain area . Around 2.5% of the United Kingdom is classified as subalpine or alpine (Bohn et al. 2004 ), but as in Norway, land use keeps a large area of the uplands of Britain in an unforested state. The NPs in Norway are generally at higher altitudes and tend to have much lower land-use intensities than the British NPs. For example, half of the Jostedalsbreen NP, of which the Sunndalen and Erdalen site forms a part, contains the Jostedal glacier. The other three Norwegian sites are LCAs. Norwegian LCAs tend to be conservation buffer regions between NPs and unprotected regions, with an intermediate level of legislation and management (Direktoratet for Naturforvaltning 2008). The selected regions are comparable between countries in terms of land use, despite the differences in designation.
Data collection and evaluation
A review of published and non-peer reviewed (grey) literature for each site provided information relating to (1) land use (prehistoric to contemporary), (2) the dominant landscape state (as characterised by the vegetation types within the landscape), (3) natural heritage and (4) cultural heritage within four time periods selected due to their relation to land-use phases among sites (3000 BC to AD 1750 AD , 1750 AD -1940 AD , 1940 AD -1980 AD and 1980 AD -2010 for each of the seven sites (see the Supplementary Material). Indicators of natural and cultural heritage were then plotted against land use across landscape states. These indicators and wider processes relating to cultural and natural heritage that are affected by land use at different intensities are shown in Table 2 .
There is generally a higher availability of data and information for the British sites than the Norwegian sites. In Norway, unprotected regions tend to be better monitored than protected areas, which are assumed to be free of threat (Blindheim et al. 2011) . The best documented site is the NP (1951) NP (2003) Part of NP (1998) LCA (2003) LCA (2001) LCA ( Hjelle et al. (2012) . Cairngorms NP; this was most recently designated as a NP and the designation was accompanied by a major review of the area's resources (Shaw and Thompson 2006) . However, as the Norwegian sites are smaller in area (Table 1) , the information relating to them is more specific than for the larger British NPs, so the differences in data availability are assumed to have low impact on the study.
Several measures can be used to assess each of natural and cultural heritages. Natural heritage may be assessed in terms of pristineness, diversity (habitat richness, species richness or species' abundances), rarity, nativeness or abundance (Ratcliffe 1977) . Similarly, cultural heritage can be valued in terms of age, condition, diversity (landscape richness, element richness or element abundance), rarity, source/ethnicity or abundance (English Heritage 1997; Labadi 2007) . In this study, the criteria for comparable valuation of natural and cultural heritage were required. Natural heritage was thus assessed in terms of species richness, while cultural heritage was assessed in terms of the diversity of cultural elements. Importantly, intangible values could be associated with both natural and cultural aspects at any time stage, and are not included in the framework. No additional weight was given for rare or red-listed species nor rarity or age of cultural elements, since rarity may be transient. Further, equal importance was given to cultural and natural heritage and across the time range. These criteria were used to facilitate direct comparisons between natural and cultural heritage, through standardisation of values and integration. Trends in natural and cultural value were inferred from the shift along the cultural and natural heritage axes between the landscape states dominant in consecutive time periods.
Results and discussion
The dominant landscape states in protected Norwegian and British mountain areas are plotted in Figure 2 . Trends in landscape state summarised across the selected protected areas within each country are also indicated using the four time periods. Across the protected areas, human influence is apparent from Neolithic times. Early land use from the Neolithic period involved utilisation of forests, nomadism, the establishment of some local-scale industrial production such as tar and iron and initiation of transhumance agriculture or summer farming (see the Supplementary Material). From the Neolithic to AD 1750, similar landscape states and land uses were assumed within the two countries (Figure 2 ). Early transhumance agriculture is likely to have taken the form of summer grazing in the mountain regions, along with the construction and utilisation of buildings inhabited during the summer grazing season (the upland residences are known as seter in Norway, shieling in England and Scotland and hafod in Wales; collectively referred to as summer farms herein). The combination of grazing, haymaking, burning and wood cutting led to a decrease in forest extent over this period in both countries. However, the loss of forest led to the creation of new seminatural habitats, and may have caused an increase in habitat diversity, and hence natural heritage, at low levels of disturbance (Figure 2) , while cultural heritage also increased in value with a higher diversity of cultural elements.
From 1750, land use and landscape states diverged between the two countries. In Norway, the utilisation of summer farms intensified with increased exploitation of forests and increased densities of grazing livestock (see the Supplementary Material). This continued the trend of increasing cultural heritage value without or with only minor declines in natural heritage value (Figure 2 ). In contrast, in Great Britain, land use intensified during this period, characterised by the enclosing of land, and management of upland landscapes for intensive livestock grazing or game species including red grouse (Lagopus lagopus scotica) and red deer (Cervus elaphus). In Snowdonia, the hafod system disintegrated through the enclosure of the uplands and the transfer of common land into private ownership. Overall, in Wales, 20% of the entire land area, almost entirely uplands, was enclosed from 1760 to 1830 (Roberts 1959) . In the Lake District, the shieling system declined earlier, perhaps by the 1650s and a similar but more gradual transition towards larger tenancies and the modern hill farm took place (Whyte 2003) . In the Cairngorms, as in the wider Highlands, the advent of sheep husbandry forced the reorganisation of farm tenancy arrangements and dismantled traditional society and farming in the sometimes forced emigration of transhumance populations known as the Highland Clearances. New leases directed tenants towards sheeponly management by banning horses, cattle and goats from the summer pastures (Bil 1990 ). This intensification was somewhat heterogeneous, with transitions towards extensive Calluna heathlands managed for grouse shoots in some places; while in others, a shift to Nardus grasslands (and a decline in natural heritage) is associated with increased grazing, as the dominant livestock in Great Britain upland sites shifted from cattle to sheep (Stevenson and Thompson 1993) . Concurrently, the evictions of transhumance populations led to a loss of cultural heritage (Figure 2) .
The trend for increasing intensification in the British uplands continued from 1940 to 1980 (Figure 2) , with the proliferation of non-native plantation forestry, commonly spruce (Picea sitchensis and Picea abies). The biodiversity associated with plantation forests is generally well below that of native forests, although there is an increasing recognition that plantations contribute to biodiversity for a range of taxa (Quine and Humphrey 2010) , albeit to a low degree. In Norway, the number of active summer farms peaked in the 1850s (Reinton 1955) . However, a continuous change in summer farming practices during the twentieth century, including the establishment of industrial milk processing, reduction in spring-born calves and shift from dairy livestock to meat producing livestock (heifers and sheep), decreased the demand for fuel-wood and fodder resources in the summer farm regions (Almaas 2004) . The decline in cultural landscape elements associated with transhumance land use started mainly after 1945, including semi-natural grasslands as shrubs and trees recolonised open landscapes previously maintained by land use (Hofgaard 1997; Speed et al. 2010) . Natural heritage declines as species associated with traditional land use are lost while the encroaching forests usually lack the species associated with the original ancient forests and thus has a correspondingly lower natural heritage value (Figure 2 ).
Since 1980, the abandonment of summer farms has continued in the Norwegian sites, with a continuing high loss of cultural and natural heritage (Figure 2) . In Great Britain, changes have been more contradictory, with both continuing intensive land use in some regions and decreased densities of grazing livestock in others. Concurrently, conservation management has proliferated, with active reforestation of native woodlands. Thus, the direction of landscape change and value of cultural and natural heritage is more locally variable in Great Britain during this time period (Figure 2) .
Towards an integrated valuation of cultural and natural heritage
The conceptual model proposed to aid the valuation of landscapes in protected mountain areas in Great Britain and Norway was based on landscape states within the seven protected mountain area case-study sites, spanning from the Neolithic to present (Figure 3 ). The implied value of both natural and cultural heritage indicators was plotted along a gradient of land-use intensity, from a landscape devoid of humans to a highly utilised landscape. In this model, cultural heritage, reflecting the richness of cultural elements in the study areas (including artefacts such as the remains of pitfall traps, buildings and culturally-modified landscapes), is assumed to rise from zero in the absence of human influence to peak at mid-high land-use intensity, and to decrease at higher land-use intensity as further intensification leads to amalgamation of farms. Natural heritage, reflecting species richness, is high in the absence of human influence and at low land-use intensities, but decreases at higher land-use intensities (with pasture improvement and loss of old meadows), reflecting the predictions of the intermediate disturbance hypothesis.
The shape of the curves shown in Figure 3 is not definitive; the exact shape will vary between regions, land-uses and contexts. However, the conceptual model is adaptable to other systems, and as a tool, may be of value to help resolve conflicts by visualising stakeholders' values (i.e. by showing the position along a gradient of land-use intensity that the stakeholder perceives the peak landscape value to lie) and by putting landscape changes in the context of historical trajectories of land use. Furthermore, the model presented has the potential to include other means of valuation (e.g. economic productivity or ecosystem services) by simply adding a further curve describing the trend in value with land-use intensity for the system in question. Different measures of valuation could be equally weighted by ensuring that the area under each curve is equal, or alternatively the values of the different measures could be standardised as a proportion of the maximum potential value in the area being assessed. The model has the potential to be used either quantitatively or qualitatively.
This model allows us to identify the land-use intensity for which natural and cultural heritage peak, as well as a valuation integrating cultural and natural heritage to be estimated (X * in Figure 3 ). Hence, changes in landscape state along more than one heritage gradient can be simultaneously assessed. In the case-study sites, natural heritage peaks at a lower land-use intensity than cultural heritage, although an intermediate land-use intensity can give high natural and cultural heritage. This model can thus be used to visualise the aims of different stakeholders, although it should be noted that the peak will depend on the stakeholders' valuation of the landscapes' heritage. Further, the land-use intensity of the peak-integrated cultural and natural heritage may fall at a non-stable state. Thus, other factors such as management feasibility still need to be considered in developing management plans.
Recent trends in landscape change across the casestudy protected areas within the two countries are shown in the conceptual model (Figure 3 ). These trends in landscape change are in the same direction in each country, but changes in natural and cultural heritage also differ between countries, due to the different starting points. The different starting points are influenced by the contrasting land-use history (from AD 1750 onwards) in protected mountain areas in the two countries.
Conclusion
This study highlights the importance of land use as driver of both natural and cultural heritage in mountain landscapes, and also illustrates the potential loss of heritage at both intensified and reduced land use from the current situation in both the United Kingdom and Norway. Here we have highlighted how differing historic land uses determine the current landscape states in protected mountain areas in north-west Europe. Although changes in land use show a similar trajectory of extensification in both Norway and Great Britain, the land-use history means that cultural and natural heritage may be changing in different directions ( Figure 2) . As a landscape state is caused by past land use in these regions, the importance of taking a long-term perspective is paramount to contextualise contemporary change (Emanuelsson 2009 ). The study also shows that the valuation of mountain landscapes varies depending on whether natural heritage, cultural heritage or both are taken onto account. The main challenge for management in protected mountain areas is thus to find a sustainable land use using an integrated perspective such as that presented here.
The model proposed here demonstrates a method for visualising both past landscape states and landscape valuation according to different types of heritage. By including differing types of heritage, this approach can support an integrated valuation of landscapes. This model developed for protected mountain areas with histories of human use allows assessment of landscapes on the basis of integrated cultural and natural heritage and to assess contemporary changes against historical changes. This model is extendable to include other aspects such as economic or ecosystem services and could be adapted to the valuation of other systems. Other measures of valuation as further functions of land-use intensity could also be used. Both natural and cultural heritage are ultimately based on value judgements, and thus involve some subjectivity, if only in terms of the selection of the measure used to assess value. While the presented model thus cannot remove subjectivity in valuation, it can visualise and conceptualise the applied valuation within the landscape, and facilitate management decisions by showing the loss of heritage under different scenarios.
